Tools for Resilience Assessment: Developments, Limitations and Future Needs by Makhoul, N. & Argyroudis, S.
 
2nd International Conference on Natural Hazards & Infrastructure 
23-26 June, 2019, Chania, Greece 
 
 
Tools for Resilience Assessment:  
Developments, Limitations and Future Needs 
 
N. Makhoul1  
Notre Dame University, Louaize, Lebanon 
 
S. Argyroudis 
University of Surrey, Guildford, UK; Aristotle University, Thessaloniki, Greece 
www.infrastructuResilience.com  
 
 
ABSTRACT 
 
Diverse natural and manmade disasters are becoming more frequent inflicting severe consequences to the environment, 
societies, economies and critical infrastructure. Therefore, it is of paramount importance to sustain the functionality and 
operability of critical infrastructure during and after the hazard event, minimize the direct and indirect losses and mitigate 
the consequences in the aftermath of a disaster. In the last few years, the need to develop risk analysis and risk 
management tools was emerged, toward facilitating stakeholders’ decision-making, adaptation and preparedness against 
diverse hazards for enhancing the resilience of cities, infrastructure and societies. Those tools were either newly developed 
or built on existing loss assessment platforms. In addition to the modules and functions for loss assessments, such as 
hazard, fragility, damage assessment, visualization and reporting of the results, some of the tools embedded modules for 
recovery, decision-making and risk mitigation to facilitate resilience assessments whenever feasible.  
The range of modules is wide, including identification of likely failures and performance of structural and infrastructure 
systems, recovery of loss of functionality and preparation of recovery plans for disaster events. Thus, resilience 
assessment tools are becoming more sophisticated, aiming to assist engineers, decision makers and planners to perform a 
resilience-based design or/and assessment of individual buildings, critical infrastructure and cities, and in this way to 
withstand and recover from catastrophic events.  
In this paper, a review of on-market available tools is presented, and then developments, limitations and future needs are 
discussed. 
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INTRODUCTION 
 
Significant developments have been achieved in the last decades in the field of seismic loss mitigation of the 
built and populated environment at macro-level, including different scales: infrastructure, districts, city, region, 
and country. The aim was to support risk mitigation and management planning, by modeling on a scenario 
basis, the expected losses and the efficiency of different recovery and mitigation strategies. In this context, 
loss assessment tools were developed, with different levels of sophistication, to assess and reduce seismic risk 
worldwide by promoting international cooperation and combined efforts of practitioners and researchers. The 
tools were facilitated by the recent advances in structural and geotechnical engineering and in seismology, as 
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well as the lessons learned from numerous destructive earthquakes all over the world that resulted in valuable 
data and experiences. The progress in the fields of informatics technologies and computer sciences has also 
facilitated the development and implementation of various powerful loss estimations tools, such as HAZUS, 
Ergo or CAPRA. Moreover, geographical information system (GIS) and remote sensing technologies, allowed 
embedding the real geographical localization of data related to structures and infrastructures, and thus helped 
to create comprehensive databases and systems for data visualization, analysis, and damage evaluation 
(Makhoul & Argyroudis, 2018).  
 
Lately, resilience-thinking has become the new philosophy in the design and assessment of critical 
infrastructure as well as in urban planning against external shocks such as natural and manmade disasters. In 
particular, resilience describes the emergent property or attributes that a city or an infrastructure has, which 
allows them to withstand, respond and/or adapt to a vast range of disruptive events by preserving and even 
enhancing critical functionality. In this context, the adaptation strategies go beyond risk management to a 
resilience-based management concept that determines how a community, or a system can adapt to and recover 
from disasters, and not just mitigating them. This allows the establishment of disaster mitigation plans at 
national and local levels, focusing on prevention and preparedness, rather than post-disaster response. Yet, 
quantitative metrics and software tools for the resilience analysis of socio-technical systems are not well 
established, while standards and processes are still emerging (Lloyd’s Register Foundation, 2015).  
 
The scope of this paper is to provide an overview of available tools for resilience assessment against natural 
or manmade hazards, as an extension of a previous study where the loss assessment tools where presented 
(Makhoul & Argyroudis, 2018). In particular, the list of available software is updated, to include resilience 
analysis modules, while selected tools are briefly described. Moreover, available tools for resilience 
assessment at structure level are presented. Future needs, opportunities and developments are also discussed. 
 
 
LOSS ESTIMATION TOOLS 
 
The Loss Estimation Methodology consists of four main modules. 1) The hazard analysis, which might be 
scenario-based or probabilistic assessment; 2) the inventory/typology, which includes the topology and main 
characteristics of the elements at risk, required for their vulnerability and risk assessment; 3) the vulnerability, 
were adequate fragility functions are employed for each typology of elements at risk; and 4) the damage and 
loss analysis, which is achieved by simulating several hazard scenarios (module 1), based on the inventories 
and typologies of module 2, by means of fragility functions (module 3). The assessment is correlated to direct 
and indirect losses, e.g. casualties, repair costs, restoration time, functionality loss etc.  
 
In Makhoul & Argyroudis (2018) a list of around 50 Loss Estimation tools was gathered and tabulated to 
present more specifically the following characteristics: Name, Open source, Region, Ownership, Hazard type/ 
Peril (earthquake, flood, hurricane, tsunami, storm, wind, surge, wave), Exposure (district, city, regional, 
country, and multiple-levels), Programming language, GIS-based, Institution, Location, Hazard modelling 
(deterministic predicted, deterministic observed, probabilistic), Vulnerability (empirical, analytical). Finally, 
the most used 15 tools were selected and discussed, while some newly available tools were also introduced.  
 
 
TOOLS FOR RESILIENCE ASSESSMENT AT CITY LEVEL  
 
Resilience is defined as the capacity of individuals, societies, structures and infrastructure systems, 
businesses and cities to adapt and recover quickly from disastrous events and from chronic stresses 
(Rockefeller Foundation, 2015; Makhoul, 2015). The rapidity of the recovery is commonly expressed 
through restoration curves, which correlate the recovery time with the functionality reached for a given damage 
level. Resilience is commonly represented through resilience curves (Cimellaro et al. (2010), Cimellaro et al. 
(2005), Bocchini & Frangopol (2010), Dong & Frangopol (2015)), which express a mean recovery weighted 
on each damage state probability, the latter given by the fragility functions. Two main approaches to model 
resilience of cities or infrastructure were identified in the available tools:  
 
The first approach is the evolution of available Loss Estimation Tools, by adding the recovery/resilience 
modules. Therefore, the resilience assessment tools embed five main modules: 1) hazard; 2) 
inventory/typology; 3) vulnerability; 4) damage and loss analysis; 5) resilience, which is performed by means 
of restoration functions and recovery analysis, providing the evolution of damage restoration with time for 
given hazard scenarios. Table 1 shows a list of around 50 Loss Estimation tools, including the following 
characteristics: Name, Open source, Hazard, Vulnerability, Region, Socio-economic analysis (casualties, 
shelters, and economics), Resilience analysis (on the basis of restoration functions andrecovery analysis). Most 
of the software in the list are promising since they already include the estimation of expected casualties, direct 
and indirect economic losses, cost of repairs, etc. Nevertheless, resilience analysis (module 5) is missing or 
was not developed further for the needs of a comprehensive resilience analysis. Four tools were identified as 
capable for performing resilience modelling as they include restoration functions for earthquake-induced 
damage, i.e., HAZUS, ERGO, IN-CORE and REDARS. IN-CORE is a promising resilience assessment tool 
under development Gardoni et al (2018). REDARS (Werner et al 2006) provides average restoration times, 
but not in the form of restoration functions. Other tools are capable of computing directly or indirectly the 
casualties and economic losses, but not the restoration time. It is also noticed that the tools related to flood, 
tsunami and other hazards do not include fragility functions, while the loss assessment (e.g. casualties, 
economic loss) is based on simplified or statistical approaches as noticed in Table 1 for BASEMENT, Kalypso 
etc.  
 
The second approach is based on Resilience Indices relevant to the restoration time as well as to societal, 
environmental or economic impact after a disaster and during the recovery phase. Kammouh et al (2018) 
introduced the PEOPLES framework and tool, which quantified the resilience of communities, facilities and 
lifelines for different hazards considering demographics, importance factors, serviceability and restoration 
time. The tool Kalypso performs resilience assessments in city and district scale based on the Flood Resilience 
Index (FRI), which is estimated considering different criteria for urban functions (e.g. housing, education, 
work, safety and governance, health, leisure and tourism) and city services (transport, communication, energy, 
water networks). FRI is ranked to very low, low, medium, and high resilience rates (Manojlovic 2016; Batica 
2015; Batica et al 2013). Retis-Risk is a recently developed open GIS-based tool (Sextos & Kilanitis, 2018), 
for the risk and resilience assessment of highway networks exposed to earthquakes. The tool is based on a 
multi-criterion framework decoupled into the direct structural damage-related loss and the indirect loss 
associated with the travel delays of the network users, and the socio-economic consequences. A set of 
resilience indicators are evaluated considering network redundancy, integrity of the network components, 
access to critical services, environmental aspects, minimum disruption of the financial activity and commerce. 
Re-CoDeS (Resilience-Compositional Demand/Supply) is a newly developed framework, which models 
resilience using the ERGO platform. The tool compares the community demand and supply of civil 
infrastructure systems and identifies potential sub-areas with a possible lack of resilience after a natural disaster 
through spatiotemporal analysis (Choi et al 2018).  
 
Table 1. Overview of existing loss estimation and resilience software 
Name 
Open 
source 
Hazard Vulnerability Region  
Socio-economic analysis Resilience analysis 
casualties shelters economic 
restoration 
curves  
recovery 
analysis  
CAPRA OS X X World X _ X _ _ 
CATS OS X X North America _ _ X _ _ 
DBELA OS X X World _ _ X _ _ 
ELER SA X X Europe X _ X _ _ 
EmerGeo -   X World X _ _ _ _ 
EPEDAT CS X X North America X _ X _ _ 
EQRM (Mathlab) CS X X Australia X X X _ _ 
EQRM (Python) OS X X Australia X X X _ _ 
EQSIM CS X X Europe X _ X _ _ 
Extremum CS X X World X _ X _ _ 
HAZ-Taiwan CS X X Asia X _ X _ _ 
Hazus-MH OS X X North America X X X X X 
InLET CS X X North America X _ X _ _ 
Insafe OS X     _ _ _ _ _ 
LNECLOSS CS X X Europe X _ X _ _ 
PAGER 2010 SA   X World X X X _ _ 
Ergo (MAEviz/ 
mHARP) 
OS X X World X X X X X 
OpenQuake OS X     X _ X _ _ 
OPENRISK OS X X World X _ X _ _ 
OSRE OS X X World _ _ _ _ _ 
PAGER v1 CS X X World X X X _ _ 
QLARM SC X X World X _ X _ _ 
QL2 CS   X World X _ _ _ _ 
RADIUS OS X X World X _ _ _ _ 
REDARS CS X X North America X X X _ X 
RiskScape  SA X X Australia X X X _ _ 
ROVER-SAT SA   X North America _ _ _ _ _ 
SAFER OS X X World _ _ _ _ _ 
SELENA OS X X World X X X _ _ 
SES2002  CS X X Europe X  _  X  _  _  
ESCENARIS CS X X Europe  _ _ _ _ _ 
SIGE CS X X Europe X _ X _ _ 
SP-BELA CS X X Europe _ _ X _ _ 
StrucLoss CS X X Europe X X X _ _ 
BASEMENT OS X     _ _ _ _ _ 
Delft-3D-FLOW OS X     _ _ _ _ _ 
Kalypso OS X     X X X _ _ 
NoFDP IDSS OS X     _ _ X _ _ 
Sobek Suite 1D/2D 
with HIS-SSM 
OS X     _ _ X _ _ 
TELEMAC-
MASCARET 
OS X     X _ X _ _ 
TCRM OS X     X _ X _ _ 
SLOSH OS X     X _ X _ _ 
TOMAWAC Wave OS X     X _ X _ _ 
TsuDAT using 
ANUGA 
OS X     X _ X _ _ 
HAZTURK CS X X Turkey X _ X _ _ 
OOFIMS 
(SYNERG) 
SC X X World X X X _ _ 
IN-CORE OS X X World X X X X X 
 
 
TOOLS FOR RESILIENCE ASSESSMENT AT STRUCTURE LEVEL 
 
Resilient-based design of structures is the new concept in engineering, which accounts for safety, restoration 
time and repair costs objectives, reflecting the ability of an organization or community to quickly recover after 
a future disaster (e.g. REDi Rating System, Almufti & Willford, 2013), as opposed to the current design 
practices where the objective is only to protect the lives of building occupants. Moreover, resilient structures 
integrate advanced technologies such as smart materials, self-healing materials and systems (Eatherton et al 
2012; 2014), early warning systems and models for intervention and asset management of aging infrastructure. 
In the following, relevant tools for resilience design and management at the structural level are briefly 
presented.  
 
Seismic Performance Assessment of Buildings (SP3) 
SP3 is a seismic design and assessment software for buildings developed by Haselton Baker Risk Group 
(https://www.hbrisk.com/sp3). SP3 is divided into three main tools based on the purpose and the end-user: 
Resilient Design and Retrofit (SP3 for design), Advanced Seismic Design and Assessment (SP3 for Mortgage 
Due-Diligence, PML+), and Insurance (PS3 for insurance). The analysis modules include the FEMA P-58 
methodology for repair costs, repair time, and safety, and the REDi downtime criteria. The tool includes a 
collection of fragility and consequence data for most common structural systems and building occupancies. 
The methodology uses as inputs the basic building information, response quantities, fragilities, and 
consequence data. SP3 for Resilient Design and Retrofit tool, is one of the first resilient-based tools, aiming to 
facilitate more seismically-resilient buildings, moving from the Life Safety current design (i.e. structure safe 
for earthquakes, but with long repair times and possible demolition after a large earthquake) to the Immediate 
Occupancy design (i.e. structure with minimal damage, low repair cost, and a short time to regain function 
after an earthquake). SP3 is a user-friendly software for design, however, it is limited to model the seismic 
hazard and is not freeware.   
 
Degradation and Scenario Development in the 4th Dimension / long-term bridge performance project 
(LTBP):  
Wenzel et al (2018), introduced a model for the long-term bridge performance project (LTBP), where a 
mathematical formulation of aging has been proposed that provides predictions of structural bridge 
performance over time (as a function of the degradation). This bridge management tool is supported by several 
key performance indicators, in order to reduced uncertainties. This can lead to precise predictions and better 
asset management, by considering the bridge asset recovery after scheduled interventions toward more resilient 
infrastructure. It is noted that the LTBP, is a follow-up to the methodologies developed in the European Project 
IRIS and the US Long Term Bridge Performance Project (acknowledged).  
 
 
CONCLUSIONS AND RECOMMENDATIONS 
 
Diverse hazards such as earthquakes, tsunami, hurricanes, floods, fires, landslides, climate change, man-made 
and technological risks, inflict severe economic and social losses to urban areas and critical infrastructure. 
Therefore, it is an emerging need to sustain the functionality and operability of cities and infrastructure during 
and after the hazard event, and to eliminate losses and mitigate the consequences. In this respect, it is of 
paramount importance for engineers, stakeholders, infrastructure owners and decision-makers to have at their 
disposal the necessary frameworks and tools to quantify the risk and resilience of infrastructure or 
communities, for allocating efficiently the available resources. 
 
In this paper, a review of on-market available tools for risk and resilience assessment of cities, infrastructures 
and societies is provided. The resilience analysis tools are extensions of existing loss assessment platforms by 
adding the recovery module or they were newly developed, based on the evaluation of resilience indicators 
(e.g. PEOPLES). Some tools were developed for the resilience-based design and assessment of individual 
structures (e.g. SP3), or the resilience-based management of infrastructure assets (e.g. LTBP). 
 
It is concluded, that despite the significant developments in loss assessment tools, very few tools are available 
for the quantification of resilience in terms of recovery time, total losses and consequences after a disaster. 
Such tools are expected to facilitate stakeholders’ rapid decision-making, adaptation and preparedness with 
preventive and/or retrofitting measures against diverse hazards. Future developments include the integration 
of parametrized restoration models for different kind of assets and hazards considering the available resources, 
the sequence of hazards, the extent of damage and the importance of the assets. Also, the integration of data-
driven models based on multiscale terrestrial and airborne monitoring systems to provide well-informed 
resilience assessments. Another challenging issue is the social simulation and people’s behaviour in resilience-
based management, as well as the consideration of climate change and environmental aspects to achieve 
integrated resilience assessments. 
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